The interplay between different orders is of fundamental importance in physics. The spontaneous, symmetry-breaking charge order, responsible for the stripe or the nematic phase, has been of great interest in many contexts where strong correlations are present, such as high-temperature superconductivity and quantum Hall effect. In this article we show the unexpected result that in an interacting two-dimensional electron system, the robustness of the nematic phase, which represents an order in the charge degree of freedom, not only depends on the orbital index of the topmost, half-filled Landau level, but it is also strongly correlated with the magnetic order of the system. Intriguingly, when the system is fully magnetized, the nematic phase is particularly robust and persists to much higher temperatures compared to the nematic phases observed previously in quantum Hall systems. Our results give fundamental new insight into the role of magnetization in stabilizing the nematic phase, while also providing a new knob with which it can be effectively tuned.
Besides the isotropic phases of nature such as the fractional quantum Hall and composite fermion liquids, interacting fermionic systems host a tantalizing nematic phase where the charges spontaneously organize into symmetry-breaking, stripe-like clusters [1, 2] . Its existence was first predicted for a two-dimensional electron system (2DES) subjected to a perpendicular magnetic field, where the electronic kinetic energy is quantized into a set of Landau levels (LLs). When a LL with high orbital index is half filled, in the presence of long-range Coulomb interaction a spontaneous stripe-like charge ordering can emerge, manifesting periodic density (or LL filling-factor) oscillations along one spatial direction [3] [4] [5] . Quantum and thermal fluctuations, as well as disorder, affect the strictly periodic nature of these oscillations and induce a nematic order [1, 6] . Soon after the theoretical predictions, experimental signatures of the nematic phases were reported as strong anisotropies in the two in-plane transport directions (higher resistance along the direction of charge oscillations), in very highmobility 2DESs [7, 8] and 2D hole systems [9] confined to GaAs quantum wells (QWs). These were followed by reports of nematic phases in a variety of bulk systems such as Sr 3 Ru 2 O 7 [10] and high-temperature superconductors [11] [12] [13] . Such ubiquity raises the question whether nematic ordering competes or is intertwined with magnetism, high-temperature superconductivity, quantum Hall effect, and quantum criticality. Although the existence of nematicity and some of its macroscopic properties have been scrutinized , understanding the interplay between the nematic and other intricate charge or magnetic orders remains a challenging problem in condensed matter physics [1, 30] .
Here we unravel an unexpected coupling between magnetic and nematic orders at half-filled LLs in a novel 2DES confined to an AlAs QW that enables a complete tuning of magnetization. Thanks to the comparable magnitudes of the cyclotron and Zeeman energies in this 2DES, tilting the sample in the magnetic field allows us to tune the Fermi energy between LLs with different orbital (N ) and spin (↑ and ↓) indices, and capture a complete evolution of the ground states as a function of N and the magnetization of the 2DES. For a half-filled LL with N = 0, there is no nematic phase, regardless of the magnetization. For N > 0 LLs, when the magnetization of the topmost, half-filled LL is opposite to the magnetization of the underlying LLs, the nematic phase is absent, but when it is aligned a nematic phase is seen. If the half-filled and the underlying LLs are fully magnetized, the nematic phase is anomalously robust and persists at temperatures as high as 2 K. Our data provide a fresh outlook at the nematic phases in 2DESs as they highlight the importance of the spin degree of freedom, a factor that has been seldom accessible in previous experiments, and ignored in theoretical studies.
The 2DES confined in our sample is confined to a very narrow (5.66-nm-thick) AlAs QW and occupies an outof-plane conduction-band valley with an isotopic in-plane mass [31] . It exhibits fractional quantum Hall states (FQHSs) at high magnetic fields in the N = 0 LL, as seen in Fig. 1 . The longitudinal resistivity (ρ xx ) trace shows strong minima at ν = 5/3 and 4/3, accompanied by corresponding plateaus in the Hall resistivity (ρ xy ). There are also weak ρ xx minima at ν = 8/5 and 7/5, hinting at developing FQHSs. Figure 1 traces provide evidence for the first observation of FQHSs in an AlAs QW with out-of-plane valley occupation, and attest to the sufficiently high quality of the sample to support many-body states. The 2DES has a relatively large effective Landé g-factor (g * )and effective mass (m * ) [31] . These lead to a ratio of 0.63 for the Zeeman energy (E Z = g * µ B B) and cyclotron energy (E C = eB ⊥ /m * ) in a purely perpendicular magnetic field, as the LL energy diagram in the right inset to seen at odd ν in the low-field Shubnikov-de Haas oscillations ( Fig. 1 upper inset ). This pattern is in contrast to the one seen in GaAs 2DESs where E Z is much smaller than E C . More importantly, the close magnitudes of E Z and E C allow us to study of the ground states of the 2DES at a given filling as we tune the Fermi level (E F ) through different LLs by tilting the sample in the magnetic field; such tuning is extremely challenging in GaAs 2DESs where E Z << E C .
To perform the experiments, the sample is mounted on a stage which can be rotated in situ ( Fig. 2(a) ). Since E C depends on the perpendicular field (B ⊥ ) whereas E Z depends on the total field (B), by tilting the sample in field, the LLs of different orbital indices cross as the sample is tilted, as depicted in the LL diagram shown in Fig. 2(b) . When two LLs of opposite spins cross, ferromagnetic domains form for each spin, causing an extra dissipation at their boundaries, which manifests as a resistance spike in ρ xx [39] . An example of such a crossing and resistance spike is seen in the traces taken at θ = 51
o (see the vertical brown arrow in Fig. 2(c) ), allowing us to pinpoint the first LL crossing. Quantitatively, the crossings occur at angles θ j according to the expression g * m * /2m 0 = jcos(θ j ), where j = 1, 2, 3, ..., and m 0 is the free electron mass [40] . From our data, we find g * m * /2m 0 = 0.63, consistent with a previous report for a 2DES confined to a narrow AlAs QW [40, 41] .
In order to probe the anisotropic ground states of the 2DES, we fabricated an L-shaped Hall bar ( Fig. 2(a) ) for simultaneous measurements of ρ xx and ρ yy , the longitudinal resistivities parallel and perpendicular to the direction of the parallel magnetic field, B || . The ρ xx and ρ yy data in Figs. 2(c) and 2(d) capture our main findings. They show that the 2DES at half-filled LLs exhibits a remarkable evolution, alternating between isotropic and anisotropic states with different degrees of anisotropy, as the sample is tilted in magnetic field. The measured anisotropy ratios, ρ xx /ρ yy , are summarized in Fig. 2(d) as a function of 1/cos(θ); this figure also shows θ at which different LL coincidences occur (see Fig. 2(b) ).
The seemingly complex evolution observed in Fig. 2(d o (E F 5/2 in 2↓); in these cases the anisotropy ratio is the largest and can reach 7.
In Fig. 3 we show the evolution of the transport anisotropy with temperature up to T = 1.8 K. Overall, the magnitude of anisotropy diminishes with increasing T. The data also corroborate the observations summarized in the last paragraph. Namely, when the 2DES is fully magnetized e.g., when E F 3/2 lies in 1↓ or when E F 5/2 resides in 2↓, the strong anisotropy persists even at T = 1.8 K. In contrast, when the 2DES is only partially magnetized and the anisotropy is weak, e.g., E F 7/2 lies in 2↓, or when E F 9/2 resides in 3↓ (see Fig. 3(b) ), the anisotropy is all but gone at the highest T .
Several features of the data presented in Figs is applied along [110] (Fig. 2) , or along [110] [31] , the resistivity along B || is larger than in the perpendicular direction (ρ xx /ρ yy > 1), meaning that the "hard" axis for the nematic phase is along B || . Third, for the cases where we observe a strong anisotropy, e.g., when E F 3/2 lies in 1↓ (Fig. 3(a) ) or when E F 5/2 is in 2↓ (Fig. 3(b) ), ρ xx exhibits a maximum while ρ yy shows a minimum. (We also note that a resistivity anisotropy of 7 in our Hall bar sample translates to a resistance anisotropy factor of 60 in the van der Pauw geometry [42] which is often used to probe the nematic phases in 2DESs [7-9, 14, 15, 18-24] ). These similarities strongly suggest that the anisotropic phases that we observe are signatures of nematic phases [43] .
The data of Figs. 2 and 3 provide very strong evidence that both the degree of anisotropy, as well as its persistence to higher temperatures, are directly linked to the degree of magnetization of the 2DES. They imply that the magnetization of the 2DES helps the formation of a nematic phase at half-filled LLs, and that the nematic phase is most robust when the 2DES is fully magnetized (ferromagnet). We highlight this connection in Figs. 2(d) and 3(c) (shaded bands), and Fig. 4 . While the role of magnetism in stabilizing nematic phases has been debated in high-temperature superconductors [1, 30] , it has not been reported for nematic phases in 2DESs at halffilled LLs. A main reason is that such control of magnetization is not achievable in systems with small g * m * such as GaAs 2DESs, because of the enormous B || that would be required.
Returning to the data of Figs. 2 and 3, we make another remarkable observation: ρ xx and ρ yy at half-fillings are themselves larger in magnitude whenever ρ xx /ρ yy is large, implying that there is a spin-dependent resistivity. This is qualitatively similar to the observations previously reported, and attributed tentatively to the loss of screening and hence the larger resistivity, when the topmost LL's magnetization is aligned with the net magnetization of the underlying LLs [44, 45] . Note that in Figs. 2 and 3, similar to the ρ xx /ρ yy anisotropy, the largest ρ xx and ρ yy are also observed when the 2DES is fully spinpolarized. This raises the question whether the ρ xx /ρ yy anisotropy we observe could simply be a result of a reduction in screening and enhanced anisotropic scattering. In an ideal 2DES with zero electron layer thickness, ρ xx and ρ yy should be equal in tilted fields as B || should not affect the electron motion. In quasi-2D systems with finite layer thickness, B || couples to the out-of-plane motion o for ν = 5/2 in 2↓ when the 2DES is fully magnetized. On the other hand, when the 2DES is not fully magnetized, e.g., when E of electrons and can result in anisotropic transport, with larger resistance when current flow is perpendicular to B || [46, 47] . However, this is opposite to what we observe. We conclude that the anisotropies we observe are very likely related to the formation of interaction-induced ne- matic phases, rather than disorder-induced, anisotropic scattering.
In summary, we report signatures of nematic phases in an AlAs 2DES. The results provide evidence that the strength and robustness of the nematic phases at halffilled LLs critically depend not only on the LL orbital index but also on the magnetization of the topmost LL relative to the magnetization of the fully-occupied, underlying LLs (Fig. 4) . The data attest to the hitherto ignored role of the spin degree of freedom in stabilizing a nematic ground state of an interacting 2DES.
